Most of the research on ventral striatal functions has been focused on their role in modulating reward and motivation. More recently, a possible role of this structure in cognitive functions has been suggested. However, very little information is available on the involvement of the nucleus accumbens in the different stages of the consolidation process. In this study, the effect of focal injections of AP-5 and DNQX, competitive antagonists at the NMDA and AMPA receptors, respectively, was examined in a nonassociative task designed to estimate the ability of mice to react to spatial changes. The task consists of placing the animals in an open field containing five objects; after three sessions of habituation, their reactivity to object displacement was examined 24 hr later.
Most of the research on the functions of the nucleus accumbens (Nacc) has been focused on its role in modulating reward and motivation (Mogenson, 1987) . However, more recently a possible role of the basal ganglia in modulating cognitive functions has been emphasized (Graybiel, 1995; White, 1997) . Based on the reciprocal neuroanatomical relationships between the cortex and striatum, it has been suggested that the striatal complex, including the dorsal and ventral striatum, might play a substantial role in processing information relayed from the cortex.
In particular, there is evidence of a possible role of the ventral striatum in processing spatial information (Annett et al., 1989; Seamans and Phillips, 1994; Maldonado-Irizarry and Kelley, 1995; Floresco et al., 1996 Floresco et al., , 1997 Roullet et al., 1997; Usiello et al., 1998) . This hypothesis is sustained by neuroanatomical data that show dense projections to the Nacc from structures involved in spatial learning, such as the hippocampus, the prefrontal cortex, and the entorhinal cortex (Beckstead, 1979; Kelley and Domesick, 1982; Groenewegen et al., 1987) . Analyses of the effects of selective lesions to the main sources of limbic glutamatergic afferent to the Nacc and of disconnecting procedures suggest that spatial information processing in this structure is dependent on intact hippocampal and prefrontal cortex transmission (Schacter et al., 1989; Roullet et al., 1997; Sargolini et al., 1999) .
Limbic projections to the accumbens are thought to be mainly glutamatergic (Walaas and Fonnum, 1979) , and high density of NMDA as well as AMPA receptors has been reported in this structure (Albin et al., 1991) . If spatial information from different limbic structures is relayed in the accumbens, blockade of NMDA and AMPA receptors should impair the response in spatial tasks. Along this line, it has been demonstrated that focal administration of AMPA and NMDA antagonists into the Nacc induced a specific deficit in spatial learning tasks (Maldonado-Irizarry and Kelley, 1995; Sargolini et al., 1999) . This evidence strongly suggests an involvement of glutamate receptors located in the Nacc in processing spatial information. Pretraining manipulations affect different stages of memorization; therefore, it is difficult from these studies to determine the phase of memory formation in which the Nacc is involved. Furthermore, the Nacc has been demonstrated to play a major role in mediating reward-related learning (Robbins and Everitt, 1996) . Pharmacological manipulations of this structure could therefore affect reward-related processes rather then plastic changes necessary for spatial information storage.
The purpose of this study was to investigate the possible involvement of NMDA and non-NMDA receptors located into the Nacc in the different aspects of spatial learning. The task we chose is a nonassociative task in which no explicit reward was present and in which no stimulus response association was required. It consists of placing mice in an open field containing five objects and, after three sessions of habituation, examining their reactivity to object displacement. Control animals usually show an increased exploration of the displaced object; this response is usually interpreted as an index of the ability of animals to detect and react to the spatial change (Poucet, 1989; Thinus-Blanc et al., 1992) .
MATERIALS AND METHODS
Animals. The subjects were CD1 outbred mice obtained from Charles River (C alco, Italy). At the time of surgery, they were ϳ9-to 10-weeksold, and their weights ranged from 35 to 40 gm. On arrival, mice were housed in groups of five in standard breeding cages (21 ϫ 21 ϫ 12 cm) placed in a rearing room at a constant temperature (22 Ϯ 1°C) with food and water available ad libitum. They were tested during the first half of the light period (between 9:00 A.M. and 2:00 P.M.).
Every possible effort was made to minimize animal suffering, and all procedures were in strict accordance with European community and Italian national laws and regulations on the use of animals in research and National Institutes of Health guidelines on animal care.
Surger y. Mice were anesthetized with chloral hydrate (400 mg / kg) and placed in a stereotaxic apparatus (David Kopf Instruments, T ujunga, CA) with mouse adapter and lateral bars. After placing the animals on the stereotaxic apparatus, the head skin was cut longitudinally and bilateral guide cannulae (0.5 mm in diameter), aimed at the core of the accumbens, were fixed on the calvarium with dental acrylic. The following coordinates with lambda and bregma in the same horizontal plane were used: anterior to bregma, ϩ1.7 mm; lateral to midline, Ϯ1 mm; ventral from the dura, Ϫ2 mm, according to Franklin and Paxinos (1997) . The subjects were then left in their home cages for a recovery period of 7-10 d.
Reaction to novelt y apparatus. The apparatus ( Fig. 1) was a circular open field that was 60 cm in diameter with a 30-cm-high wall made of gray plastic material and a floor painted white and divided into sectors by black lines. The open field was placed into a soundproof cubicle and surrounded by a visually uniform environment except for a conspicuous striped pattern that was 30-cm-wide and 36-cm-high (alternating 1.5-cmwide vertical white and black bars) attached to the wall of the field. The apparatus was illuminated by a red light (80 W) located on the ceiling. A video camera above the field was connected to a video recorder and a monitor.
Five objects were simultaneously present in the open field: (1) a chromium-plated parallelepiped (7 ϫ 4 ϫ 4 cm) with holes irregularly distributed on the sides and the top; (2) a plastic cone on a transparent cylinder base (diameter of the section, 8 cm; height, 6 cm); (3) two gray iron rectangles (10 ϫ 3 cm) forming a 90°angle, inserted on a rectangular plastic base (7 ϫ 5 cm); (4) a black Plexiglas cylinder (height, 10 cm; diameter, 5 cm); and a (5) a black and gray spool (height, 9 cm; diameter of the top, 5 cm) on a square base (6 ϫ 6 cm). The initial arrangement was a square with a central object (object E) as schematized in Figure 1 .
Procedure. The first day, mice were individually submitted to four successive 6 min sessions, separated by a 3 min delay, during which the subjects were returned to their home cages. During session 1 (S1), the mice were placed into the empty open field to familiarize the animal with the apparatus and to record the baseline level of locomotor activity. During S2-S4, the objects were placed as shown in Figure 1 .
On the second day (24 hr later), mice were submitted to only one 6 min session, with the objects displaced relative to the original arrangement (S5). The configuration was changed by moving two objects: object E replaced object A, which was itself displaced at the periphery of the apparatus so that the initial square arrangement was changed to a polygon-shaped arrangement.
Drug injections were performed at different time points: for experiment 1, the NMDA antagonist, (Ϫ)-AP-5 (AP-5), was administered immediately after the last training session (S4) (n ϭ 13, n ϭ 8, n ϭ 8, and n ϭ 8, respectively, for saline and for AP-5 at 0.075, 0.15, and 0.3 g /side); for experiment 2, the AM PA antagonist DNQX was injected immediately after the last training session (S4) (n ϭ 7, n ϭ 7, and n ϭ 8, respectively, for saline and for DNQX at 0.001 and 0.005 g /side); for experiment 3, AP-5 and DNQX were administered 120 min after S4 (n ϭ 9, n ϭ 8, and n ϭ 9, respectively, for vehicle, AP-5 at 0.3 g /side, and DNQX at 0.005 g /side); for experiment 4, saline (n ϭ 8), AP-5 (0.3 g /side, n ϭ 8), and DNQX (0.005 g /side, n ϭ 7) were administered 10 min before S5 on day 2; for experiment 5, vehicle (n ϭ 7) and DNQX (0.001 g /side, n ϭ 7) were administered 10 min before S1.
The rationale for using these doses was based on previous studies and preliminary experiments in which they were demonstrated to be effective, when focally administered into the Nacc, in impairing spatial learning in the same task (Sargolini et al., 1999; F. Sargolini and A. Mele, unpublished observation) . AP-5 was dissolved in saline solution, and DNQX was dissolved in a solution of 2% DMSO in distilled water. Both drugs were injected in a volume of 0.2 l /side. The injection time was 2 min, and the needle was left in place for an additional 30 sec to allow diff usion. All mice were habituated to the injection procedure. Drug-injected animals were always compared with control mice injected with the same volume of vehicle solution. Because saline and DMSO vehicle-injected mice did not show any difference in experiments 1 and 2, control mice injected with saline and DMSO were pulled together in experiments 3 and 4. The injections were made by inserting an injection needle (0.25 mm in diameter) into the guide cannula, connected with polyethylene tubing to a 1 l Hamilton syringe. During the injection time, the mice were returned to their cages.
Data collection and statistics. Data collection was performed using video recordings; the observer was always blind to treatment (Save et al., 1992) . In the first session, locomotor activity was recorded by counting the number of sectors crossed by each animal while moving in the open field. From S2 to S5, object exploration was evaluated by the time spent by the animal in contact with an object. A contact was defined as the snout of the subject actually touching an object. The duration of contact is expressed as mean per object. In S5, the spatial arrangement of the objects was modified; response to spatial change was assessed by comparing the mean time in contact with the objects belonging to each category (displaced and nondisplaced) in S5 minus the mean time spent in contact with the same object category in S4.
Statistical analyses were performed using an ANOVA with a withinbetween design. For the habituation, the repeated factor was session (three levels: S2, S3, S4) and the between factor was treatment (levels in experiment 1 were 0.0, 0.075, 0.15, and 0.3 of AP-5; levels in experiment 2 were 0.0, 0.001, and 0.005 of DNQX; levels in experiments 3 and 4 were controls, AP-5, and DNQX; levels in experiment 5 were controls and DNQX). The exploration of the different object categories in S4 and S5 expressed as absolute values was analyzed by repeated two-factors treatment [sessions (two levels), S4 and S5; object category (two levels), displaced objects (DO), and nondisplaced objects (N DO)] and between factor treatment (same levels than before). The re-exploration of the different object categories expressed as exploration in S5-S4 for each object category was analyzed using a within (object category, two levels) Figure 1 . Schematic representation of the apparatus and the object configuration over successive sessions. A, The open field is initially empty (S1); in the three subsequent sessions (S2-S4), it is filled with objects in a particular configuration ( B). In S5, two objects are displaced (spatial novelty) ( C).
and between (treatment) design. T ukey honestly significant difference and /or simple effects post hoc comparison were used when appropriate.
Cannula placement verification. At the completion of the experiment, mice were killed by an overdose of chloral hydrate; brains were removed and frozen at Ϫ20°C. C annula placements were determined by examination of serial coronal sections (25 m) stained with cresyl violet. Only animals showing a correct placement of the cannula were included in the statistical analysis. Figure 2 shows a schematic representation of the cannula placements for all of the experiments. Histological analysis shows that the injection site is located in the Nacc core for the majority of mice. Only animals showing correct Nacc placements were included in the statistical analysis. Table 1 shows the mean time of contact in S2, S3, and S4 with all five objects for each experiment. No major differences among groups were observed with regard to overall object exploration in S2, S3, and S4 when drugs were administered after training in experiments 1-4. Moreover, all groups showed a similar decrease in the time spent exploring the objects over sessions. The ANOVA revealed only a significant session effect but no drug (8) 26.8 Ϯ 2.3 14.9 Ϯ 1.1 9.2 Ϯ 0.8 8.7 Ϯ 0.8 9.6 Ϯ 0.9 12.6 Ϯ 1.1* † 6.8 Ϯ 0.9 AP-5 0.15 (8) 24.1 Ϯ 1.4 15.9 Ϯ 1.9 11.4 Ϯ 1.5 11.3 Ϯ 1.6 11.4 Ϯ 1.5 10.6 Ϯ 1.8 † 9.1 Ϯ 0.9 AP-5 0.3 (8) 30.7 Ϯ 1.9 18.6 Ϯ 1.3 12.4 Ϯ 1.2 12.4 Ϯ 1.4 12.4 Ϯ 1.4 11.7 Ϯ 1.6 † 11.4 Ϯ 1.7** 2 Control (7) 23.1 Ϯ 2.6 16.3 Ϯ 1.5 11.2 Ϯ 1.6 10.7 Ϯ 1.6 11.5 Ϯ 1.6 15.5 Ϯ 2.1* 7.9 Ϯ 0.8 DNQX 0.001 (7) 24.9 Ϯ 1.3 17.5 Ϯ 1. (8) 23.9 Ϯ 1.5 13.4 Ϯ 1.3 9.6 Ϯ 1.0 8.6 Ϯ 1.3 10.3 Ϯ 1.1 16.5 Ϯ 1.5* 9.9 Ϯ 0.7 DNQX 0.005 (9) 23.3 Ϯ 1.4 13.9 Ϯ 0.9 7.9 Ϯ 1.1 7.9 Ϯ 1.1 7.7 Ϯ 1.3 14.4 Ϯ 2.2* 5.9 Ϯ 0.9 4 Control (8) 21.4 Ϯ 1.4 13.2 Ϯ 1.9 7.8 Ϯ 1.4 7.4 Ϯ 1.7 7.4 Ϯ 1.5 13.6 Ϯ 1.4* 6.1 Ϯ 0.6 AP-5 0.15 (8) 24.7 Ϯ 2.1 14.8 Ϯ 2.1 8.3 Ϯ 0.9 7.8 Ϯ 1.1 8.5 Ϯ 0.8 13.4 Ϯ 1.4* 6.9 Ϯ 0.8 DNQX 0.001 (7) 24.6 Ϯ 1.7 16.4 Ϯ 1.4 7.5 Ϯ 0.9 7.2 Ϯ 0.9 7.8 Ϯ 1.1 3.4 Ϯ 0.9** 2.8 Ϯ 0.8** 5 Control (7) 15.9 Ϯ 0.8 8.7 Ϯ 1.0 6.9 Ϯ 1.2 6.6 Ϯ 1.2 7.1 Ϯ 1.1 15.1 Ϯ 1.9* 5.8 Ϯ 1.0 DNQX 0.001 (7) 10.6 Ϯ 2.3 4.2 Ϯ 2.2 1.9 Ϯ 0.5 1.1 Ϯ 0.6 1.3 Ϯ 0.5 8.8 Ϯ 1.0 † 8.7 Ϯ 1.0**
RESULTS

Cannula placement verification
Habituation
The duration of contact is expressed as mean per object. Mean duration of contact with the entire set of objects before the spatial change, S2-S4, and with the different object categories, DO and NDO, before (S4) and after (S5) the change. *p Ͻ 0.05 within DO group versus NDO group in S5; ** †p Ͻ 0.05 within object category saline versus drug-treated mice in S5.
effect and no session-drug interaction. Pretraining focal administrations of DNQX reduced the overall time spent by the animals exploring the objects only in experiment 5. It is worthwhile to note, however, that AMPA receptor blockade did not affect the habituation pattern of the mice. The ANOVA revealed a significant effect of drug (F (1,12) ϭ 15.2; p ϭ 0.0021) and sessions (F (2,24) ϭ 36.5; p ϭ 0.0001) but no interaction (F (2,24) ϭ 0.14; p ϭ 0.86). Table 1 shows the mean time of contact with the two object categories, DO and NDO, before spatial change in S4; control as well as drug-injected groups explored the two categories for a similar amount of time. Table 1 shows the mean time spent in contact with the different object categories in S5 by saline-and drug-injected animals. Mice injected with saline immediately after training explored DO more than NDO. The difference in the time spent exploring the two categories of objects was reduced in a dose-dependent manner by focal administrations of AP-5 after training. Mice injected with the lower dose explored DO significantly more than NDO, whereas animals treated with the two higher doses showed no significant difference between the two object categories. Figure 3 represents the effect of post-trial AP-5 administrations on the exploration of the two categories of objects, expressed as difference between S5 and S4. AP-5 injections decrease the reexploration of DO without affecting NDO. The one-between one-within analysis revealed a significant effect of the object category (F (1,33) ϭ 39.887; p ϭ 0.0001) and a significant interaction between drug and object category (F (1,33) ϭ 10.731; p ϭ 0.0001) but no significant drug effect (F (3,33) ϭ 0.537; p ϭ 0.66). Table 1 shows absolute values for DO and NDO exploration in S5. S5 control animals as well as DNQX-injected mice spent more time in contact with DO compared with NDO. Post hoc analysis revealed a significant difference between the two categories in all groups. Figure 4 represents the effect of immediate post-training DNQX administrations on DO-NDO exploration, expressed as the difference between S5 and S4. The one-between one-within factor analysis revealed a significant main object category effect (F (1,19) ϭ 40.6; p ϭ 0.0001) but no treatment effect (F (2,19) ϭ 0.397; p ϭ 0.6778) and no treatment-object category interaction (F (2,19) ϭ 0.263; p ϭ 0.7718).
Experiment 1: effect of post-training AP-5 administration into the nucleus accumbens on detection of spatial change
Experiment 2: effect of post-training DNQX administration into the nucleus accumbens on detection of spatial change
Experiment 3: effect of AP-5 and DNQX administration into the nucleus accumbens at 120 min after training on detection of spatial change
The absolute values for DO-NDO exploration in S5 after administrations of vehicle, NMDA antagonist, and AMPA antagonist 120 min after training are reported in Table 1 . Control mice showed a higher level of DO exploration rather than NDO exploration. Focal administrations of AP-5 and DNQX did not impair this response. Figure 5 represents the effects of AP-5 and DNQX injections administered 120 min after training on DO and NDO exploration, expressed as difference in two subsequent sessions (S5-S4). The ANOVA revealed a mean object category effect (F (1,23) ϭ 91.087; p ϭ 0.0001) but no significant treatment effect (F (2,23) ϭ 0.231; p ϭ 0.796) or interaction between the two factors (F (2,23) ϭ 0.244; p ϭ 0.785).
Experiment 4: effect of pretest AP-5 and DNQX administration into the nucleus accumbens on detection of spatial change Table 1 shows the mean time of contact with DO and NDO in S5. Control mice explored DO more than NDO. Pretest administrations of the NMDA antagonist did not affect the amount of time spent exploring DO and NDO in S5 as well as the difference between the two object categories. On the contrary, pretest DNQX injections decreased exploration of both DO and NDO as well as the difference between DO and NDO. Experiment 5: effect of pretraining DNQX administration into the nucleus accumbens on detection of spatial change Table 1 shows the mean time of contact with DO and NDO in S5. Pretraining DNQX administration induced a decrease in the time spent exploring DO but increased the time spent exploring NDO, thus reducing the difference in object category exploration observed in control mice. Figure 7 shows the effects of pretraining vehicle and DNQX administrations expressed as a difference between S5 and S4 for the two object categories. The ANOVA revealed a main drug effect (F (1,12) ϭ 5.2; p ϭ 0.04), a main object effect (F (1,12) ϭ 66.36; p ϭ 0.0001), and an interaction between the two main effects (F (1,12) ϭ 57.1; p ϭ 0.001).
DISCUSSION
The results presented in this paper confirm and extend earlier studies on the involvement of glutamate receptors located within the Nacc in processing spatial information (Maldonado-Irizarry and Kelley, 1995; Floresco et al., 1997; Usiello et al., 1998; Sargolini et al., 1999; Smith-Roe et al., 1999) . In this study, we demonstrate that (1) immediate post-training focal administrations into the Nacc of the NMDA antagonist AP-5 impair detection of a spatial change on the test day (24 hr later); (2) immediate pretest AP-5 infusions or AP-5 infusions administered 120 min after the training do not affect detection of a spatial change; (3) immediate focal administrations of the AMPA antagonist DNQX into the Nacc or administrations 120 min after training do not affect detection of spatial change on the test day; and (4) pretest and pretraining administrations of DNQX significantly impair spatial change detection.
There is considerable evidence suggesting an involvement of the Nacc in spatial learning (Annett et al., 1989; Seamans and Phillips, 1994; Maldonado-Irizarry and Kelley, 1995; Floresco et al., 1996 Floresco et al., , 1997 Roullet et al., 1997; Usiello et al., 1998) . However, very few studies have investigated the role of this structure in memory consolidation (Lorenzini et al., 1995; Setlow and McGaugh, 1998) . Post-trial manipulations have the advantage of avoiding possible effects on learning and are considered to act on the consolidation process (McGaugh, 1966; Gold and McGaugh, 1975, 1989) . In the present study, AP-5 administered immediately after training produced an impairment of spatial detection when mice were tested for retention 24 hr later. It is therefore unlikely that AP-5 was still effective on the test day. Furthermore, administrations of the highest dose of the NMDA antagonist 120 min after testing did not affect reactivity to spatial change on the test day, suggesting a specific effect of NMDA receptor blockade in this structure on the consolidation of spatial information rather than an aspecific effect of the drug on retention test performance. Finally, AP-5 administrations before testing did not affect performance. These data demonstrate that NMDA receptors located in the Nacc are specifically necessary for memory consolidation. On the contrary, the retrieval of spatial information does not need the activation of NMDA receptors located in this structure. This evidence is consistent with the lack of effect observed after NMDA receptor blockade in the same structure with regard to retrieval in a nonspatial task (Kelley et al., 1997) .
Previous studies have indicated an involvement of Nacc in memory consolidation on the basis of the impairing effects induced by post-trial temporary lesions with TTX or blockade of D2 dopamine receptors, respectively, in passive avoidance tasks, and in the spatial version of the Morris water maze (Lorenzini et al., 1995; Setlow and McGaugh, 1998) . The present study confirms and expands these previous observations, demonstrating an involvement of the NMDA receptors located into the Nacc in the consolidation of spatial information in a nonassociative task.
The purpose of this study was also to verify possible different roles of the two major classes of glutamate receptors, AMPA and NMDA, in the distinct stages of memory formation. We have recently demonstrated an involvement of both glutamate receptors classes located in this structure in the acquisition of spatial information (Usiello et al., 1998; Sargolini et al., 1999) . Similar conclusions have been drawn on the basis of an appetitively motivated spatial task (Maldonado-Irizarry and Kelley, 1995; Smith-Roe et al., 1999) . In the present study, we did not find any effect of immediate post-training administrations of the AMPA antagonist DNQX on reactivity to spatial change 24 hr later. In addition, we did not find any effect of DNQX when administered 120 min after training. These data demonstrate that this glutamate receptor class is not implicated in memory consolidation as assessed in this spatial task. To our knowledge, there are no reports in the literature on the possible involvement of AMPA receptors in memory consolidation. It should be noted, however, that an increase in AMPA receptor binding has been found 3 hr after learning (Izquierdo and Medina, 1997) . Therefore, we cannot exclude the possibility that AMPA receptor activation might be necessary in later stages of the consolidation process. Pretest and pretraining AMPA receptor blockade, however, impaired reactivity to spatial change in S5. Decreased interest of mice toward the objects during training or testing in the two experiments cannot be excluded. It should be noted, however, that when administration occurred before training, the animals were impaired in detecting the change 24 hr after drug administration. Thus it is difficult to ascribe this effect simply to an action of the drug on the test phase. To detect the change, the mice have to correctly perceive the environment during training to constitute a map and correctly perceive this environment in the test phase to detect a mismatch between the stored map and the actual disposition of the objects. It is of interest that DNQX impairs both phases, supporting the suggestion that AMPA receptors might be needed to process information to guide ongoing behavior (Maldonado-Irizarry and Kelley, 1995) .
It has been demonstrated in the rat that the core rather than the shell subregion of the accumbens is involved in processing of spatial information (Maldonado-Irizarry and Kelley, 1995) . Core-shell differences were not investigated in the present study, and even if a small volume was injected, drug diffusion in both regions cannot be completely excluded. However, it is interesting to note that most injection sites were located in the core of the Nacc, thus suggesting that core might also play a relevant role in spatial learning in mice accumbens.
The task we used in this study, modified from Poucet (1989) , is designed to estimate the ability of rodents to encode spatial relationships among discrete stimuli (Poucet, 1989; Thinus-Blanc et al., 1992; Roullet et al., 1996 , Usiello et al., 1998 . Our interest in this behavioral paradigm pertains to the fact that, in contrast to other learning tasks, mice do not have to form any kind of association between stimulus and response, and no explicit (positive or negative) reinforcement is present in this procedure. The role of Nacc in mediating reward-related learning has been well assessed (Robbins and Everitt, 1996; Kelley et al., 1997) ; therefore, one might hypothesize that the Nacc is involved in processing information related to rewarding stimuli. The data presented in this paper suggest that the Nacc plays a pivotal role not only in the acquisition (Usiello et al., 1998; Sargolini et al., 1999) but also in the consolidation of spatial information necessary to guide behavior even when no explicit reinforcement is present or stimulus-response association is necessary. This implies a more general role played by the Nacc in processing contextual information.
The Nacc is viewed as an interface between the limbic and the motor systems that acts to select the most appropriate behavioral response (Mogenson, 1987; Mizumori et al., 1999) . In this framework, limbic afferent from the hippocampus, amygdala, and prefrontal cortex would relay contextual information that is integrated within this structure to guide ongoing behavior on the basis of current context. Previous learning helps spatial navigation; therefore, it is conceivable that an integration between stored and perceived information might occur within the Nacc. Moreover, an involvement of this structure in further stages of information processes is also possible. Information flow from these structures depends on intact glutamatergic transmission that acts on AMPA and NMDA receptors in the Nacc. In this paper, we dissociate the role of the two glutamate receptor classes, demonstrating that NMDA receptors are involved in consolidation but not ongoing discrimination, whereas AMPA receptors seem to have an opposite role.
Even if experimental evidence on the involvement of the Nacc in consolidation of spatial information is now accumulating, whether this structure plays a role in information storage or whether memory resides elsewhere is still unclear. Several studies have demonstrated plastic changes involving glutamatergic afference to the Nacc (Mulder et al., 1997) , and it has been suggested that a reorganization of dendritic spines within this structure might be the basis for adaptive or maladaptive changes after repeated psychostimulant administrations (Robinson and Kolb, 1997) . This evidence suggests that spatial information might at least be partially stored within the Nacc.
Finally, it should be noted that deafferentation studies and pharmacological manipulation of the Nacc (Floresco et al., 1996; Sargolini et al., 1999; Setlow et al., 2000) demonstrate that each of the different limbic structures plays a selective role in processing information. However, the exact neurobiological substrate of the interaction among the different projections remains to be determined.
